The Biosite Triage D-dimer is a new, rapid assay utilizing EDTA whole blood or plasma that can be used at the point-of-care or in a central laboratory. Most coagulation assays, including many D-dimer assays, require citrated plasma, but the Triage D-dimer has not been previously studied using citrated plasma specimens. Seventyfour citrated plasma specimens on which D-dimer testing was requested for clinical testing were assayed on both the VIDAS and the Triage D-dimer systems. A subset of 29 of these specimens also had an EDTA specimen collected simultaneously and were assayed using the Triage D-dimer 
M
ultiple studies are available concerning the use of D-dimer testing in the evaluation of deep venous thrombosis (DVT) and pulmonary embolism (PE). 1, 2 In 2004, the United States Food and Drug Administration (FDA) approved the bioMérieux VIDAS D-dimer exclusion assay (VIDAS D-dimer) for the exclusion of both DVT and PE. Currently, the VIDAS D-dimer is the only brand available that has been specifically approved for this claim. However, the role of D-dimer testing in the evaluation of DVT and PE continues to be unclear. [1] [2] [3] A new rapid whole blood assay for D-dimer (Biosite Triage D-dimer test [Triage D-dimer]) was recently introduced by Biosite Diagnostics (San Diego, CA, USA) for the quantitative measurement of cross-linked fibrin degradation products containing D-dimer in EDTA whole blood and plasma specimens. The Triage instrument performs a number of other immunodiagnostic tests designed for use on whole blood specimens either in the central laboratory or at the point of care. This study reports an evaluation of the Triage D-dimer test with a comparison with the VIDAS D-dimer assay. In addition, because coagulation assays usually require blood collection using citrate tubes, we report for the first time an evaluation of Triage D-dimer using citrated plasma.
METHODS AND MATERIALS
Testing for D-dimer on the VIDAS and Triage systems was performed according to the manufacturers' specifications. The test characteristics of the two assays based on manufacturers' package insert data are shown in 
Sample Collection and Storage
Seventy-four citrated plasma specimens on which D-dimer testing on the VIDAS system was requested for clinical testing were obtained as discarded samples. These samples were centrifuged and tested immediately on the Triage system. Of the 74 samples, 29 also had simultaneously drawn EDTA anticoagulated whole blood samples available as discarded specimens in the hematology laboratory. These 29 samples were subsequently run on the Triage system. All these specimens were stored at room temperature and were tested on the Triage within a maximum of 2 hours from the time of the initial VIDAS D-dimer result.
An audit of 290 consecutive D-dimer results from the VIDAS system in routine laboratory use was also performed using test records in the laboratory information system. Diagnostic agreement, linear regression analysis, and Bland-Altman plots were used to compare paired Triage and VIDAS D-dimer results.
RESULTS
The reportable range and accuracy of 4 Triage meters was verified by analysis of 2 control samples and 5 calibration samples representing a D-dimer range from 173 to 4360 ng/mL. In all 4 cases the correlation coefficients (R 2 ) were greater than 0.99.
The precision of the Triage D-dimer test was validated on 4 Triage meters by repetitive analysis (5-10 replicates each) of 2 control samples and 3 calibration verification samples representing a range of approximately 100 too 4300 ng/mL.
The coefficients of variation ranged from 2.6 to 13.1%. Of note, the lowest value tested frequently gave results less than 100 ng/mL, and therefore precision at this low range could not be reliably determined. However, the values ranged from less than 100 to 133 ng/mL, indicating clinically acceptable precision at the low end of the reportable range. Overall imprecision of the 4 instruments was greater at the lower end of the reportable range (2.6%, 12.6%, 13.1%, and 12.3% at approximately 369 ng/mL) and better at the upper end of the reportable range (3.5%, 4.1%, 2.6%, and 3.9% at approximately 4120 ng/mL).
At the Massachusetts General Hospital, we perform approximately 6000 D-dimer tests per year using the VIDAS system 24 hours per day. An analysis of 290 consecutive test results revealed that 56 cases (19.3%) were requested from the emergency department (ED) whereas the remaining 234 cases (80.7%) came from hospital inpatient units. Of the 56 cases from the ED, 18 (32.1%) were above the cutoff level (,500 ng/mL) for the VIDAS and 38 (67.9%) were below the cutoff. The range of results from the 56 ED cases was 83 to 3498 ng/mL. All these values are within the reportable range of the Biosite Triage on the high end or would have been reported as negative on the low end. ED testing for D-dimer included 39 females (69.6%) and 17 males (30.4%). The total turnaround time for D-dimer testing for the ED using the central laboratory (including pre-and postanalytic phases) was consistently greater than 2 hours. Excluding transportation time, the average turnaround time from the receipt of the specimen by the central laboratory for 176 consecutive specimens received from the ED and inpatient floors was 60 minutes. Figure 1 shows a comparison of the VIDAS D-dimer using citrated samples with the Biosite Triage system using citrate (Fig. 1A) and EDTA (Fig. 1B) anticoagulants. Citrate blood collection tubes contain 10% citrate solution when filled with blood, whereas the EDTA blood collection tubes contain dried EDTA. Consequently, the citrate tubes are expected to Figure 3 shows the diagnostic agreement between the VIDAS D-dimer and the Triage D-dimer using citrate anticoagulant (Fig. 3A) or EDTA (Fig. 3B) , and between the Triage D-dimer using citrate and EDTA (Fig. 3C ) using the manufacturers'suggested cutoff values (VIDAS D-dimer , 500 ng/mL fibrinogen equivalent units, Triage D-dimer , 400 ng/mL). In all 3 cases, the diagnostic agreement was $93% using the manufacturers' suggested cutoff points. In the case of the VIDAS (citrate) versus the Triage (citrate), the diagnostic agreement was 96% on 74 patient samples. Diagnostic agreement was unchanged after adjusting the Triage citrate results for the dilutional effect. Table 2 shows the discrepant cases from each of the 3 comparisons shown in Figure 3 . In all but 2 cases (VIDAS 721 vs Triage citrate 236, and Triage citrate 103 vs Triage EDTA 434), the discrepancies resulted from one or more of the comparative values being close to the suggested cutoff points. By examining all the comparative data between the VIDAS and the Triage systems we were not able to find a more optimum cutoff than that suggested by Biosite Diagnostics (,400 ng/mL), indicting that this value is appropriate if it is assumed that the VIDAS system is the ''gold standard'' for comparison. Figure 4 shows Bland-Altman bias plots comparing Triage citrate (adjusted) with VIDAS ( Fig. 4A ), Triage EDTA with VIDAS (Fig. 4B) , and Triage citrate (adjusted) with Triage EDTA (Fig. 4C) . The bias plot comparing Triage unadjusted citrate with VIDAS looks essentially the same as Figure 4A with adjusted citrate (data not shown). The bias plot comparing Triage unadjusted citrate with Triage EDTA does show that Triage unadjusted citrate underestimates the Triage EDTA result across the entire range of results, as expected due to dilution by citrate solution in the blood collection tube (data not shown). Figure 4C shows that after adjusting the Triage citrate results for the dilutional effect, there is no bias seen versus Triage EDTA.
The Bland-Altman figures suggest that Triage (citrate [not shown], adjusted citrate [ Fig. 4A ], or EDTA [ Fig. 4B]) overestimates VIDAS results in the high range and underestimates VIDAS results in the low range, which may be at least partly why the manufacturer chose a lower cutoff of 400 ng/mL. The lower cutoff to maintain adequate sensitivity may come partly at the expense of reduced specificity, in that more normal individuals will be above the cutoff with Triage than with VIDAS (10% vs 4% per Table 1 ). Nevertheless, with assessment for venous thromboembolism, sensitivity is the critical requirement, rather than specificity. 
DISCUSSION
Venous thromboembolism including DVTwith or without PE is common, resulting in significant morbidity and mortality (more than 50,000 deaths per year in the United States).
A number of conditions predispose to thromboembolism, including postoperative states, trauma, pregnancy, immobility, oral contraceptives, as well as congenital and acquired hypercoagulable states. Nevertheless, the majority of patients presenting with signs and symptoms of thromboembolism ultimately are found not to have the condition. In addition, many patients with DVT and even small pulmonary emboli are asymptomatic. In patients with untreated DVT approximately 5 to 20% ultimately develop PE. 4 For these reasons, diagnostic testing for thromboembolism is essential.
Testing for DVT may include various combinations of laboratory tests (D-dimer) and radiologic procedures, including ultrasound and either magnetic resonance or computed tomographic (CT) venography. A number of diagnostic studies are also available for the diagnosis of PE, including D-dimer, chest CT, lung scanning, and pulmonary angiography. Assays for D-dimer may be used as a rapid initial test for thromboembolism and are relatively inexpensive when compared with radiologic studies. A value for D-dimer of less than 500 ng/mL using the VIDAS D-dimer test will rule out both DVT and PE in the majority of cases. In outpatients and ED patients with a low likelihood of PE, a normal D-dimer value is sufficient to exclude PE from the differential diagnosis. 5 For this reason, the VIDAS D-dimer test was recently approved by the FDA for the exclusion of DVT and PE. The sensitivity and specificity of Ddimer assays from other manufacturers varies depending on the method. [1] [2] [3] As a result, the VIDAS D-dimer test is considered the current ''gold standard'' against which other manufacturers assays can be compared. A number of studies have shown that a negative VIDAS D-dimer result using a cutoff point of less than 500 ng/mL yields a high negative predictive value for DVT and PE, ranging from 91-100% depending on the study. 3 A number of conditions other than DVT and/or PE may result in an elevated D-dimer level, including disseminated intravascular coagulation, myocardial infarction, and a variety of other conditions. According to the manufacturer of the VIDAS Ddimer, although the sensitivity (.99%) and negative predictive value (approximately 100%) of their assay is high, the specificity using a cutoff of less than 500 ng/mL is only 33%. Therefore, testing for D-dimer in patients with suspected DVT/PE is useful as a rule-out test, but the value of a positive test result must be interpreted in conjunction with clinical and radiologic findings.
Patients suspected of having either DVT or PE may present to the ED or they may present during a hospitalization for some other condition. Rapid testing for D-dimer may be Point-of-care testing in the ED for a selected menu of tests may decrease ED length of stay, decrease the number of hours the ED is on divert status, and lower overall cost. 4 Because patients presenting with signs and symptoms of DVT and/or PE are relatively common, it is reasonable to conjecture that rapid point-of-care testing for D-dimer, if accurate, may yield economic and medical benefits, albeit this has never been documented in the peer-reviewed literature.
Several manufacturers offer rapid tests for D-dimer that are potentially suitable for use at the point of care (eg, Biosite Diagnostics Triage, Dade Stratus CS, Roche Diagnostics). The Biosite Triage D-dimer is a rapid (15-minute) whole blood assay that is easy to perform, with a reportable range of 100 to 5000 ng/mL. Our analysis of 56 D-dimer test results from the ED using the VIDAS system showed a range of results from 83 to 3498 ng/mL, indicating that in most cases the Biosite assay would produce a quantitative result within the linear reportable range of the system among ED patients. Using a cutoff of 400 ng/mL, the Biosite Triage D-dimer test using either citrated or EDTA anticoagulated whole blood showed good agreement with the VIDAS method, which requires citrated plasma (diagnostic agreement $ 93%) and showed good analytic correlation (R 2 ), although some bias was noted. Because the Biosite Triage D-dimer is rapid, easy to use, can be performed on whole blood, and compares favorably with the ''gold standard'' VIDAS D-dimer, it is especially well suited for applications at the point of care. In addition, the Biosite Triage can also be used to test for CK-MB, myoglobin, troponin I, and BNP, all of which have been shown to be useful as point-ofcare tests in the ED setting.
In conclusion this study demonstrates that the Triage D-dimer assay using a cutoff of less than 400 ng/mL compares favorably with the VIDAS D-dimer assay using a cutoff of less than 500 ng/mL. The VIDAS assay has been approved by the FDA for the exclusion of DVT and PE. The data presented here suggest that citrate is a suitable alternative to EDTA for the Triage D-dimer, and clinical trials are warranted to determine further if the Triage D-dimer is an acceptable alternative to the VIDAS assay. Furthermore, the Triage D-dimer test is faster, uses whole blood, and is suited for use at both the point of care and the central laboratory.
